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Description

Field of the Invention

This invention relates to the field of recombinant DNA biotechnology. In particular the invention relates
to a eukaryotic expression vector, a host organism transformed with the eukaryotic expression vector,
specific DNA sequences and to a process for the production of polypeptide.

Background of the Invention

In recent years, advances in biotechnology have made possible the production of desirable polypetide
products by inserting an appropriate heterologous gene into a host organism and subsequently culturing
the organism to produce the polypetide. In broad terms, these techniques involve the insertion of a
structural gene coding for the desired polypetide into a vector capable of stable existence in the cells of a
host organism. The gene is inserted into the vector in a position relative to appropriate expression control
sequences such that once within the host organism, the vector expresses the inserted gene to produce the
polypetide. Such vectors are referred to in the art as “expression vectors” and have been the subject of
considerable research. The main thrust of the research has been to developp expression vectors which are
compatible with prokaryotic host organisms such as bacteria (for example, Escherichia coli {E. coli)), and
eukaryotic host organisms such as yeasts {for example, Saccharomyces cerevisiae) and celis of higher
organisms (for example mammalian cells in tissue cuiture). A wide variety of polypetides have been
produced, such as animal and human hormones, enzymes and other useful proteins. The research has
involved detailed studies of expression control sequences affecting expression, and in particular, promoter
sequences, which are responsible for directing transcription of genetic material.

The commercial use of expression systems is hampered by the lethal or debilitating effect of toxic
expression products upon the host organism. It has been recognised therefore that it is desirable to
regulate heterologous gene expression. In a regulated expression system, the host organism can be
cultured to produce a high cell density whilst expression of a gene in an inserted vector is kept at a low
level. When the host organism reaches an appropriate cell density, expression may be induced, for
example, by adding a material having a regulating effect on the culture medium. A large number of
expression control sequences (including promoters) which aliow a degree of expression regulation have
been identified both for prokaryotic and eukaryotic host organisms. In published European Patent
Application EP—A2—0073635, a yeast expression vector is described which makes use of the control
sequences of the yeast phosphoglycerate kinase (PGK)) gene and which aliows expression level control by
adjusting the level of fermentable carbon in the culture medium. Published European patent application
EP—A2—0118393 describes a prokaryotic and eukaryotic expression system based upon the control
sequences of heat-shock genes derived from Drosophila melanogaster. The control sequences include
temperature-dependent promoters which allow for expression level control by adjusting the temperature
of the culture medium. British patent specification No. 1557774 and published International patent
application No. WO 84/01171 describe prokaryotic expression level control systems in which the average
number of plasmids in each cell (the copy number) is controlied. Copy number control allows a regulation
of the net gene expression occurring in each cell of the host organism.

The known regulated expression systems for eukaryotic host organisms do not have the ability to
control expression over a wide range of expression levels. In many cases, it is not possible to reduce the
concentration of toxic products, by promoter control alone, to a level at which the cell growth is unaffected
and yet to allow for a significant production of the desired polypeptide when required.

The object of the present invention is to provide a eukaryotic expression vector capable of controlling
the expression level of a heterologous gene, inserted in a host organism, over a wide range of expression
levels.

The molecular biology of common brewers yeast, Saccharomyces cerevisiae, has been a target of
considerable research effort. In particuiar the elucidation of the nature and operation of the mating type
locus and its operation have been studied in depth. (See for reviews: Nasmyth Ann. Rev. Genet. (1982) 76
433—500 and Kiar et a/ “Microbial Development” (1984) pub. Cold Spring Harbor Laboratory 151—195).

The mating type locus, which is located on chromosome Il of the yeast genome, orchestrates the
production of gene products necessary for the complex process of yeast mating. There are essentially three
phenotypes of naturally occuring yeasts, a type haploids, a type haploids and ala diploids. A hapioid can
mate with a haploid of complementary phenotype to produce an a/a diploid. a/a diploids do not mate but
are capable of sporulation under conditions of nutrient starvation. The mating type of the yeast is
determined by a number of expression products of the yeast genome. The products expressed are
controlled, in turn, by the expression products of the mating type locus. There are two active alleles of the
yeast mating type locus, known as MATa and MATa. Mating type locus allele MATa transcribes the gene
known as a1 and mating type locus allele MATa transcribes genes known as aland a2. Itis the expression
of these genes which defines mating type. The a mating type is found where no MAT genes are expressed,
the a type requires expression of a1 and a2, and the a/a diploid requires expression of at and a2. The
combination of gene expression products from the mating type locus acts on the yeast genome to promote
or repress the production of specific gene products for mating.

We have discovered DNA sequences within the yeast genome which act as expression repressor
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operators when in the presence of mating type locus gene products.

According to the present invention there is provided a eukaryotic expression vector comprising an
expression control sequence including a functional eukaryotic promoter not normally under mating type
control and a heterologous structural gene located relative to the expression control sequence such that
the expression control sequence is capable of direction expression of the heterologous structural gene,
characterised in that the expression controf sequence includes a controllabie repressor operator sequence
comprising a DNA sequence which is capable of repressing expression in the presence of the a2 gene
product of the MATa yeast mating type locus allele or a combination of the a1 and a2 gene products of the
MATa and MATa yeast mating type locus alleles. -

The vector of the invention allows control of the expression level of the heterologous structural gene
over a wide range, thereby allowing growth of a culture whilst expression of the heterologous structural
gene is substantially repressed prior to removing or reducing the level of the yeast mating type locus
product or products to allow expression of the heterologous structural gene.

The eukaryotic expression vector of the invention may be an expression vector suitable for use in yeast
or, for example, an expression vector suitable for use in a mammalian cell system. A suitable yeast
expression vector may, for example, comprise a yeast expression vector such as the PGK promoter-based
expression vectors described in European patent application EP—A2—0073635, Alternatively, the
expression vector may be a vector suitable for the expression of gene products in a mammalian cell system
such as an SV40 or bovine papilloma virus {(BPV) expression vector.

The term “expression control sequence’ as used herein denotes a sequence of DNA containing the
control signals necessary to direct expression of the heterologous structural gene. The expression control
sequence includes a promoter, and may include for example one or more upstream activator sequences
(UAS) and other functional sequences.

The expression control sequence of the eukaryotic expression vector may comprise any functional
eukaryotic promoter. The eukaryotic promoter may comprise a yeast promoter, in particular a yeast
promoter which is not normally under mating type control. For instance, the yeast promoter may be a
promoter derived from the yeast TRP1 ADH1, URA3", HIS3*, CYC1 or PGK genes. ’

The controilable repressor operator sequence is inserted into the expression control sequence in a
position where expression of the structural gene may be repressed. More than one copy of the controliable
repressor operator sequence may be inserted into the expression control sequence to enhance repression.
Preferably, the controllable repressor operator sequence is inserted between an upstream activator
sequence (if present) and the “TATA box” of the yeast promoter. The controliable repressor operator
sequence may lie upstream of an upstream activator sequence {if present).

The promotor may comprise a promoter suitable for use in an animal cell culture expression system.
For example the promoter may comprise a viral promoter such as an SV40 promoter or a mammalian
promoter such as a mammalian metallothionein promoter (for example, a mouse metaliothionein
promoter).

As used herein the term "“heterologous structural gene’’ refers to a gene not naturaily found in the host
organism in which the expression vector is to be expressed. As used herein the term “polypeptide”
denotes any polypeptide and includes hormones (such as growth hormones} and enzymes (such as
chymosin). -

The term “controllable repressor operator sequence’ as used herein denotes an operator comprising a
sequence of DNA capable, when inserted into the expression control sequence of a eukaryotic expression
vector, or repressing expression in the presence of one or more of the defined gene products of the yeast
mating type locus.

The gene products of the yeast mating type loci may be produced from more than one site in the yeast
genome. For example copies of the relevant genes occur at silent mating type loci HMLa and HMRa. Gene
products from these loci may be used to effect repression by the controllable repressor operator sequence.

The controllabie repressor operator sequence may comprise a DNA sequence which represses
expression in the presence of a combination of the al and a2 gene products of the MATa and MATa yeast
mating type locus alleles. The DNA sequence has been shown to occur repeatedly in those genes specific to
haploid yeast types. In a diploid yeast, the a1 and a2 gene products repress expression of haploid specific
genes.

in broad terms, a DNA sequence comprises a double-stranded sequence of about twenty base pairs
having subsequences of about seven base pairs at opposite ends and in complementary strands of the
sequence, wherein the subsequences are substantially inverted repeats each of the other. Preferably the
DNA is selected from one of the following sequences

CAATGTAGAAAAGTACATCA (MAT 1)
GCTTGTTAATTTACACATCA (STES(-196))

TCATGTACTTTTCTGCATCA (STES(-179))
CCGCGTTAAAACCTACATCA (HO -1752)

TTATGTTAAAAGTTACATCC (HO =-1391)
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GCCTGCGATGAGATACATCA (HO =-1328)
TAGAGTGAAAAAGCACATCG (HO -1208)
TCATGTATTCATTCACATCA (HO =-736)

ACATGTCTTCAACTGCATCA (HO -669)
TCGTGTATTTACTTACATCA (HO -576)

TCATGTTATTATTTACATCA (HO =-411)
TCATGTCCACATTAACATCA (HO -371) and
GCGTTTAGAACGCTTCATCA (HO -150)

wherein (using the standard notation for nucleotide bases employed throughout this specification)
A denotes adenine, T denotes thymine, G denotes guanine and C denotes cytosine. (The source of the
sequence and the position of the sequence within the gene are shown in parenthesis. It will be understood
that the sequences shown above represent a single strand of a double stranded portion of DNA, the strand
not shown being complementary to the shown strand.).

The prevalence of the DNA sequence in haploid specific genes allows for the establishment of a
statistical consensus sequence which provides a statistical best fit of the individual sequences. The
controllable repressor operator sequence may comprise a DNA sequence having substantially the
following nucleotide base sequence:

TC(A or G)TGTNN(A or T)NANNTACATCA

wherein N denotes a nucleotide base selected from adenine, thymine, guanine and cytosine.

Alternatively, the controllable repressor operator sequence may comprise a DNA sequence which
represses expression in the presence of the a2 gene product of the MATa yeast mating type locus allele.
The DNA sequence has been shown to occur repeatedly in those genes specific to a haploid yeast types. In
a yeast cells, genes essential for a mating are repressed by the a2 gene product.

In broad terms, such a DNA sequence comprises a double-stranded sequence of about thirty-three
base pairs having subsequences of about ten base pairs at opposite ends and in complementary strands of
the sequence, wherein the subsequences are substantially inverted repeats each of the other. Preferably
the DNA sequence is selected from one of the following sequences:

GTGTGTAATTACCCAAAAAGGAAATTTACATGT (MFAL)
GCATGTAATTACCGTAAAAGGAAAT-TACATGG (BAR1)
and TCATGTACTTACCCAATTAGGAAATTTACATGG (STE2)

(The source of the gene is shown in parenthesis. It will be understood that the sequences shown above
represent a single strand of a double stranded portion of DNA, the strand not shown being complementary
to the shown strand.).

The DNA sequence of the a2 product-controliable repressor operator sequence occurs more than once
in the yeast genome and, again, it is possible to assign a consensus sequence. The controllable repressor
operator sequence may comprise a DNA sequence having substantiaily the following nucleotide base
sequence:

GCATGTAATTACCCAAAAAGGAAATTTACATGG.

The DNA sequence of the controllable repressor operator sequence may comprise the whole or an
operative part of any of the sequences mentioned above, or a functional equivalent thereof.

The sequence may be obtained from natural or mutant yeast genes which are under mating type
control, for instance by appropriate restriction enzyme digestion. Preferably, however, the sequence is
prepared by chemical synthesis and, where appropriate, ligation of two or more synthetic oligonucleotides.

In a second aspect of the invention we provide a controllable repressor operator sequence capable,
when inserted into the expression control sequence of a eukaryotic expression vector, of repressing
expression in the presence of a combination of the a1 and a2 gene products of the MATa and MATa yeast
mating type aliele.

In a third aspect of the invention we provide a controllable repressor operator sequence capable, when
inserted into the expression control sequence of a eukaryotic expression vector, of repressing expression
in the presence of the a2 gene product of the MATa yeast mating type locus.

The sequences of the second and third aspects of the invention may each be provided with a linker at
each end to facilitate the insertion of the sequence into a suitable site in the expression control sequence of
a eukaryotic expression vector.
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The vectors of the first aspect of the invention may be used to transform or transfect eukaryotic host
organisms, for example, by methods well known in the art. The eukaryotic host organism may be a yeast,
such as Saccharomyces cerevisiae or a higher eukaryotic host organism such as a culture of animal cells.

In a fourth aspect of the invention we provide a eukaryotic host organism transformed with an
expression vector according to the first aspect of the invention.

Preferably the host organism is transformed with a eukaryotic expression vector according to the first
aspect of the invention and further comprises means for providing a controllable supply of ether a
combination of the a2 and a1 protein or the a2 protein alone to cause repression of transcription.

The host organism may be transformed with a eukaryotic expression vector according to the present
invention and a second vector, allowing the controllable production of either a combination of the aland
a2 products or the a2 gene product alone. The second vector may, for example, comprise a vector capable
of producing a controllabie level of either a combination of the a1 and a2 gene products or of the a2 gene
product alone. A suitable such vector is a temperature-dependent mutant including a MAT gene or, for
example, a temperature-sensitive mutant of a SIR gene. A SIR gene regulates mating type gene expression
from silent mating type Loci HMLa and HMRa. These may be used to provide a regulated supply of the
controlling protein or proteins.

Alternatively the yeast strain used as host for the eukaryotic expression vector of the invention may, for
example, carry a temperature sensitive mutation in the a1 and/or a2 repressor gene. Thus if transformed
cells are grown at a permissive temperature the ﬂ?nd/or a2 proteins are functional and repress
transcription of the heterologous structural gene, whereas at a restrictive temperature the repressor
proteins are inactive, transcription of the heterologous structural gene is not repressed and the
heterologous gene product is expressed.

The vector of the present invention and/or the said second vector may be present within the
transformed eukaryotic host cells in an episomal form or may be incorporated into the chromosome of the
host organism.

Alternatively, the combination of the a1 and a2 gene products or the a2 gene product alone may be
introduced into the culture medium from an external source or may be produced in controliable manner on
a suitable modified expression vector of the present invention.

In a fifth aspect of the invention we provide a method for preparing a polypeptide comprising culturing
a eukaryotic host organism transformed with a vector according to the invention in the presence of one or
more gene products of the yeast mating type locus capable of repressing expression of the heterologous
structural gene, until a predetermined cell density has been established, and subsequently reducing the
level of the gene product or products of the yeast mating locus, thereby allowing expression of the
heterologous structural gene and production of the polypeptide.

In a sixth aspect of the invention we provide a eukaryotic expression vector of the present invention in
which a restriction site suitable for the insertion of a heterologous structural gene exists in place of the
heterologous structural gene. Preferably the restriction site is unique in the vector. A gene coding for a
desired polypeptide may readily be ligated into such an expression vector to produce a vector according to
the first aspect of the invention.

Brief Description of the Drawings

Figure 1 is a map of plasmid pLG312, a CYC1 lacZ expression vector,

Figure 2 is a photograph of a B-galactosidase indicator culture plate at 34°C showing cultures of
plasmid PLG312 alone, and with various inserted sequences, transformed into yeast strain M30,

Figure 3 is a photograph of a similar experiment to that shown in Figure 2 at 25°C.

Figure 4 are maps of plasmids pYC4, pYC9, pYC10 and pYC11 and

Figure 5 is a map of plasmid pRa2, a plasmid for the expression of the a2 gene in mammalian cells.

Detailed Description of Embodiments

Example 1
al and 2 Controllable Repressor Operator Sequence
" The two defined sequences of about forty base pairs, containing receptors for a combination of the al
and a2 mating type locus gene products were obtained from the promoter of the yeast homothaliism (HO)
gene (see Jensen et a/ Proc. Natl. Acad. Sci. USA (1983) 80 3035—3039)

The first sequence (hereinafter referred to as “Insert A”) was obtained by digesting a plasmid
containing the yeast HO gene with BamHI and Bg1ll in buffer containing 10 mM Tris.HCI pH 7.4, 10 mM
MgCl,, 60 mM NaCl and 2 mM dithiothreitol at 37°C. (Nasmyth — in press). The second sequence
(hereinafter referred to as “Insert B”) was obtained by digesting a Xhol-linker mutant plasmid, H204
(Nasmyth — in press) with Xhol and Nrul in buffer containing 6 mM Tris.HCI pH 7.4, 10 mM MgCl,, 100 mM
NaCl and 2 mM dithiothreitol, at 37°C.

The expression plasmid used in this experiment was that designated pLG312 (Guarente and Mason
Celi (1983) 32 1279, and a map of the plasmid is shown in Figure 1. This plasmid contains a bacterial -
galactosidase structural gene under the transcriptional control of the CYC1 promoter, and a unique Xho1
restriction site between the CYC1 upstream activator (UAS) and the promoter TATA box. (The plasmid is
also known by an alternative designation: pLG—A2925).
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insert A DNA was incubated with T4 DNA polymerase and all four deoxynucieotide triphosphates to
generate a blunt ended molecule (Maniatis, Fritsch and Sambrook ‘“Molecular Cloning, A Laboratory
Manual” pub. Cold Spring Harbor Laboratory (1982)). This was ligated into Xhol cut blunt ended pLG312.
All ligations were with T4 DNA ligase, in buffer containing 66 mM Tris. HCI pH 7.8, 10 mM MgCl,, 20 mM di-
thiothreitot, and 1 mM ATP. DNA concentrations were 10—15 pg/ml.

Ligation mixtures were transformed into £. co/i and ampicillin resistant transformants selected.
Recombinant plasmids were identified by colony hybridisation, using a gel-purified fragment of each insert
as a probe (Grunstein et a/, Proc. Natl. Acad. Sci. USA (1975) 72 3961). Positive clones were analysed further
by subcloning and sequencing (Sanger et a/, Proc. Natl. Acad. Sci. USA (1977) 74 5463). Plasmid pLG312
and analogues of the plasmid carrying insert A or insert B were used to transform yeast strain M30 (HMLa
MATa HMRa sir3" ura3 [ho::TRP1 ade2—1 can1—100 his3 leu2 trpl] to URA™ phenotype.

Four independent transformants were struck out onto 3-galactosidase indicator plates. The indicator
plates were made as follows.

8.7 g Yeast Nitrogen Base without amino acids

60 mg Adenine sulphate

60 mg Tyrosine

12 g Casamino acids, vitamin assay

24 g Agar
made up to 1 litre with water, and autoclaved.

Then 5 ml 1% {w/v) Tryptophan

100 ml 20% (w/v) Raffinose

100 ml 10 x M9 (40 g Na,HPQ,, 30 g KH,PO,, 5 g NaCl, and 10 g NH,CI per litre, pH = 7)
were added before pouring.

Immediately before use 0.25 ml of {20 mg/ml 5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside in di-
methylformamide) was spread on each plate.

The plates were incubated at 20°C or 34°C for 4 to 5 days and then photographed. Figures 2 and 3 show
yeast strain M30 containing various plasmids. Dark colonies signify B-galactosidase production and hence
gene expression from the promotors. In each photograph, the top row is yeast transformed with plasmid
pLG312, the second row is yeast transformed with plasmid pLG312 including Insert A and the lower two
rows are yeasts transformed with plasmid pLG312 incluing Insert B. The results show clearly repression
control of expression of B-galactosidase. The temperature dependent SIR gene in yeast strain M30 causes
expression of the mating locus a1 transcrlpt from the HMLa and HMRa silent copy genes, at elevated
temperatures only. Thus, as shown in the Figures the presence of a1 and a2 gene products has a marked
effect upon the expression leve! of the plasmids including either Insert A or Insert B.

The sequences of the three plasmid constructs used in this experiment, in the region of the Xho1 site
were as follows:

(€4—UAS) pLG312 (TATA—P )
§' GCGTAGGCTAATCCTCGAGGTCGACCTCGAGCAGATCCGCCAGGC 3!
XN A 3%

Insert A
5! GGCTAATCCESEQGATCCACGAAAATGATGTGAATGAATACATGAAAGA-

TTCATGAGATCTCGAGCAGATCCGCC 3!
X ¥-X¥
Insert B
sl
GGCTAATCCEggﬁGGTACGAAATGATCCACGAAAATCATGTTATTATTTACA

TCAACATATCGTCGAGCAGATCCGCC 3'
I FEAE

{Asterisks show the Xho1 site ends and the underlined part of the sequence indicates the a1/a2 repressor
operator).
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Table 1 shows the level of B-galactosidase produced by these constructs in an al/a2 diploid host and in
an isogenic a/a diploid host (the latter does not express the a1 gene} both for raffinose and glucose as a
carbon source.

B-galactosidase assays were performed using the technique of Miller {Miller J.H. “Experiments in
Molecular Genetics” CSH press, N.Y. {1972)). Cells were collected by centrifugation, resuspended in Z
buffer and permeabilised with CHCI,/SDS. After the reaction was stopped with base, cell debris was
removed by centrifugation prior to measuring the 0.D.s5. Units were measured as 1000 X OD,,y/
(ODggo % time (in mins)).

The MATa strain used was 822: HMLa MAT HMRa ade2 canl-100 his4 leu2 trpl-1 ura3; this was mated
with either W303—1A: (HMla MATa HMRa ade2—1 can1—100 his3—11,15 leu2—3 trpl-1 ura3) or RS3;
(HMla mat::LEU2 hmr::TRP1 ade2—1 can1—100 his3—11,15 leu2—3 trp1—1 ura3.) The mat::LEU2
construction is described in Miller A.M. et a/ CSH Symp. Quant. Biol. 49 (in press). These were transplaced
into the yeast chromosome (Rothstein R.J. Methods in Enzymology, 707 202 (1983)).

The constructs are under the same carbon source dependance as the parent plasmid, demonstrating
the B-galactosidase production is being driven by the CYC1 promoter and is repressed by the inserted
sequence. .

TABLE 1
CONSTRUCT /3-GALACTOSIDASE ACTIVITY
Raffinose Glucose
aMx a~ a/fex. a~ A&
pLG312 108 91 32 45
pLG312 +
insert A 2.4 91 1.1 34
pLG312 +
insert 0.67 34 0.35 24
Example 2

a2 Controllable Repressor Operator Sequence

In a similar experiment to that described in Example 1, a ninety-seven base pair fragment of the yeast
STE2 gene, including an operator for the a2 mating type locus gene product was isolated from a plasmid
carrying the STE2 gene (plasmid pZV37). (see MacKay, V.L. Methods in Enzymology (1983) 707 325—343
for details of cloning STE genes). The piasmid was digested with Hindlll and Avall and biunt end ligated, in
both orientations, into plasmids pLG312. Recombinants were identified and sequenced as before.

The sequence of the two plasmid constructs used in this experiment, in the region of Xho1 site were as
follows:

GGCTAATCCgC’I"G&GACCTGTGCCTGGCAAGTCGCAGATTGAAG-
Insert C TTTTTTCAACCATGTAAATTTCCTAATTGGGTAAGTACATGA~
TGAAACACATATGAAGAAAAAAGCT}‘EE&GCAGATCCGC

GGCTAATCC;E%%AGCTTTTTTCTTCATATGTGTTTCA-
Insert C' TCATGTACTTACCCAATTAGGAAATTTACATGGTTGAAAAAACTT-
CAATCTGCGAC'I‘TGCCAGGCACAGGTC"IE’(‘;QGCAGATCCGC

(Asterisks show the Xho1 site ends, and the underlined part of the sequence indicates the a2 repressor
operator sequence). -

Table 2 shows the level of B-galactosidase produced by these constructs in an a1~ cell and in an
isogenic al” a2~ cell, both for raffinose and for glucose as carbon source. (The latter does not express the
a2 gene). The constructs are under the same carbon source dependance as the parent plasmid
demonstrating that B-galactosidase production is being driven by the CYC1 promoter and is repressed by
the inserted sequence.
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B-galactosidase assays were performed as in Table 1. The strains used were RS3: (Table 1, whichis a1~
a27) and M48: (HMLa MATa2 mata1::LEU2 hmr:TRP1 ade2—1 can1—100 his3—11,15 leu2—3 trpl-1 ura3)

TABLE 2
CONSTRUCT 3 ~ GALACTOSIDASE ACTIVITY
Raffinose Glucose
&1™ ™1~ X%27 ™1~ Qel 27
pLG312 44 81 36 49
pLG312 + 0.7 110 0.6 62
Insert C
pLG312 + 0.8 110 1.0 52
Insert C'
Exampie 3

Synthesis of a1/a2 Controilable Repressor Sequence :

An example of an a1/a2 controllable repressor operator sequence was prepared by oligonucleotide
synthesis using the phosphotriester method (see “Oligonucleotide Synthesis” pp. 83-——116 Ed. N. J. Gait,
IRL PRESS, Oxford (1984)) on a Biosearch SAM ONE oligonucleotide synthesis machine. The oligonucleo-
tide: 5’ TCGATTCATGTTATTATTTACATCAT 3’ (hereinafter ““N1”) comprises the native ag/a2 control
sequence found upstream of the HO gene (HO-411), plus an additional sequence of five nucleotides (5’
TCGAT 3') to allow ligation into a Xho1 or Sall restriction site. A mixture of oligonucleotides each of which
are essentially complementary to oligonucleotide N1 was prepared by mixed synthesis. These oligonucleo-
tides are represented as: 5 TCGAATGATXTAAATAATAACATGAA 3’, where X denotes AorCor T
(hereinafter “N2”, “N3"” and “N4” respectively). The oligonucieotides were purified on a 20% poly-
acrylamide gel in TBE buffer (0.089 M Tris-borate, 0.089 M boric acid and 0.002 M EDTA) containing 2ug/mi
ethidium bromide. The DNA was visualised using an ultra violet (UV) light and the highest molecular
weight band from each synthesis was cut from the gel, dialysed into water and vacuum dessicated. The
final material was redissolved in water. When annealed together using standard techniques oligonucleo-
tides N1 and N2 to N4 generated duplex DNA with 5’ TCGA 3’ single stranded overhangs, as follows:

5' TCGATTCATGTTATTATTTACATCAT 3' Nl
3' AAGTACAATAATAAATXTAGTAAGCT 5' N2-4 where X =
A, C,orT

Two further examples of al/a2 controllable repressor operator sequences were prepared using an
automated DNA synthesiser (Patel, Millican, Bose, Titmas, Mock and Eaton (1982) Nucl. Acids. Res. 70
6505).

The first example (designated oligonucleotide N5 and complementary oligonucleotide ‘“N6")
comprised the native al/a2 repressor operator sequence found upstream of the HO gene (HO-411)
substantially as described above, but differed from the above example, in that the additional sequence of 5’
nucleotides was 5’ TCGAG 3' for oligonucleotide N5 and 5’ TCGA 3’ for the complementary oligonucleotide
N6. In addition, oligonucleotide N6 was not prepared in a mixed synthesis. The oligonucleotides
synthesised were:

5 TCGAGTCATGTTATTATTTACATCA 3’ (N5) and 5' TCGATGATGTAAATAATAACATGAC 3’ (N8).

When annealed together using standard techniques, these oligonucleotides generated duplex DNA with 5
TCGA 3’ single stranded overhangs, as follows:

S' TCGAGTCATGTTATTATTTACATCA 3' NS
3' CAGTACAATAATAAATGTAGTAGCT S' N6
The second example (designated oligonucleotide “N7” and complementary oligonucleotide “N8") was

that of a consensus sequence i.e. a sequence which has not been found to occur naturally as an al/a2
repressor operator sequence, but which is predicted to function as an a1/a2 control sequence. The two
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oligonucleotides, synthesised using an automated DNA synthesiser (Patel, Millican, Bose, Titmas,
Mock and Eaton (1982) Nucl. Acids. Res. 70 5605), were: 5 TCGAGTCGTGTTATTATTTACATCA 3’ (N7) and
5" TCGATGATGTAAATAATAACACGAC 3’ (N8). The sequence formed by these two oligonucleotides differs
from the HO-411 control sequence by a single base substitution (A to G) at position 3 of the control
sequence. When annealed together using standard techniques oligonucleotides N7 and N8 generated
duplex DNA with 5' TCGA 3’ single stranded overhangs as follows:

5' TCGAGTCGTGTTATTATTTACATCA 3' N7
3' CAGCACAATAATAAATGTAGTAGCT S' N8

Example 4

Synthesis of a2 Controllable Repressor Sequence

The a2 controllable repressor sequence found in the 5’ region of the MFAI gene (Miller, MacKay and
Nasmyth Nature (1985) 374 589), was synthesised chemically (Patel, Millican, Bose, Titmas, Mock and
Eaton Nucl. Acids. Res. (1982) 70 5605). Four oligonucleotides were prepared to construct the 33 base pair
sequence, these were: 5° TCCTTTTTGGGTAATTACACAC 3’ {N9), 5" TCGAACATGTAAATT 3’ (N10), 5’
AAGGAAATTTACATGT 3’ (N11), 5° TCGAGTGTGTAATTACCCAAA 3' (N12). When annealed together,
these oligonucleotides generated duplex DNA with 5' TCGA 3’ single stranded overhangs, as follows:

5' TCGAGTGTGTAATTACCCAAASAAGGAAATTTACATGT 3' N12 + 11
3' CACACATTAATGGGTTTTTCCT$TTAAATGTACAAGCT S5' N9
+ 10 (¥ = points of ligation)

Example 5
Construction of CYC1 Yeast Promoter with a1/a2 Controllable Repressor Sequences

The synthetic oligonucleotides which define a1/a2 controllable repressor sequence described in the
first part of Example 3 were inserted into pLG312 (Guarente and Mason Cell (1983) 32 1279) to test the in
vivo effect of these sequences on a heterologous {CYC1) promoter.

Oligonucleotide N1 and the mixed synthesis oligonucleotides N2—4 were treated with polynucleotide
kinase to generate 5’ phosphate groups, 45 pg of the purified oligonuclectides from each synthesis were
mixed, 10 pCi gamma (y) *3p ATP (specific activity 3000 Ci/mmole) was added, and the volume was
increased to 30 pl by the addition of kinase buffer (66 mM Tris.HCI pH 8, 10 mM MgCl, 10 mM
dithiothreitol). 5 units of polynucleotide kinase were added and the mixture incubated at 37°C for 5 minutes.
An additional 30 nmoie of unlabefled ATP was then added and the incubation was continued for a further
55 minutes. Following the kinase reaction, the oligonuciectides were annealed by placing the reaction tube
in a crystallizing dish containing water at 75°C, and allowing the mixture to cool over a period of 30
minutes. The annealed oligonucleotides were then cooled to 4°C. This produced a heterodupiex with a 5'
TCGA single stranded overhang at each end. Yeast plasmid vector pLG312 DNA (2 ug) was digested with
Sall (5 units) at 37°C for 1 hour in buffer containing 6 mM Tris.HCI pH 7.9, 6 mM MgCl, 150 mM NaCl, 5 mM
dithiothreitol. The Sall enzyme was inactivated by heating to 68°C for 10 minutes following the reaction.
The annealed oligonucleotides were ligated into he Sall cut pLG312 DNA in DNA ligase buffer (50 mM Tris
HCI pH 7.8, 10 mM MgCl,, 20 mM dithiothreitol, 1 mM ATP) containing 5 units of DNA ligase and final
concentrations of 12.5 ug/ml vector DNA and 0.3 ug/ml annealed oligonucleotide. Incubation was at 15°C
for 15 hours. DNA ligase was inactivated by heating at 68°C for 10 minutes following the reaction, and the
ligated DNA redigested with Sall enzyme to eliminate recircularised vector molecules.

DNA from the redigested ligated mixture was transformed into £, co/i and ampicillin resistant
transformants were selected. Plasmid DNA was prepared (Ish-Horowitz and Burke Nucl. Acids. Res. (1981) 9
2989} and analysed by polyacrylamide gel electrophoresis in 7 M Urea (Maniatis, Fritsch and Sambrook,
“Molecular Cloning” Cold Spring Harbor Laboratory (1982)). The piasmid DNA (1 pg) was cut with Xhol in
digestion buffer (6 mM Tris. HCI pH 7.9, 6 mM MgCl,, 150 mM NaCl, 5 mM dithiothreitol), by the addition of
2 units of enzyme followed by incubation at 37°C. The digested DNA was radioactively labelled using DNA
polymerase | Klenow fragment (Maniatis, Fritsch and Sambrook, ““Molecular Cloning” Cold Spring Harbor
Laboratory (1983)). The Xhol-cleaved DNA fragments were sized by autoradiography of a 7 urea
polyacrylamide gel, which demonstrated that approximately 50% of the transformants carried a single
insertion of the repressor operator sequence.

In order to determine the sequence of the inserted repressor operator sequence, the small Xho1
fragments were subcloned into the Sall-cut M13 mp 10 vector using the ligation conditions described
above. The M13 mp 10 clones were sequenced by the dideoxy method (Sanger, Nicklen and Coulson Proc.
Natl. Acad. Sci USA (1877) 74 6463). This sequence does not reveal the orientation of the inserted sequence
with respect to the pl.G312 plasmid. The orientation was determined by taking advantage of the Hin 1 site
at one end of the oligonucleotide inserts. The insert containing pL.G312 plasmids were digested with BamHl|
(which cuts at a unique site about 250 bp away from the insert) in buffer containing 6 mM Tris. HCl pH 7.9, 6
mM MgCl,, 150 mM NaCl, 1 ug plasmid DNA and 2 units of enzyme. Incubation was at 37°C for 1 hour. The
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BamHI-cut DNA was radioactively labelled with aipha {a) ?p labelled deoxynucleotide triphosphates by
incubation with DNA polymerase | Klenow fragment (Maniatis, Fritsch and Sambrook “Molecular Cloning;’
Cold Spring Harbor Laboratory (1982)), and then digested with Hinf1 (5 units) in buffer containing 6 mM
Tris. HCl pM 7.4, 6 mM MgCl, 6 mM 2-mercaptoethanol and 50 mM NaCl. The digested DNA was then
analysed by polyacrylamide gel electrophoresis in TBE buffer. The sizes of the labelied DNA fragments
pr_oduced were compared with the size of the Sall and BamHI fragments of the parent molecule, pLG312. In
this way the sequence and the orientation of the cloned oligonucieotides was determined.

Derivatives of the plasmid pLG312 containing the oligonucleotide pairs N5 and N6, and N7 and N8
were a_lso constructed, by the methods described above. The orientation of insertion was determined by
digesting the plasmids with Xho1 and Pvul enzymes, and anaylsis of the digests by 0.7% agarose gel
electrophoresis (Maniatis, Fritsch and Sambrook, “Molecular Cloning” Cold Spring Harbor Laboratory
(1982)), and Southern transfer followed by hybridisation using one of the oligonucleotides as a probe
(Southern E. J. Mol. Biol. (1975) 98 503). Insertion of the oligonucleotides at a Xho1 site destroys one of the
Xho1 sites at the junction between plasmid DNA and oligonucleotide, whiist the other site is retained.
Southern analysis of the Xho1—Pvul digests determines the orientation of the inserts on the basis of which
DNA fragment hybridises with the oligonucleotide probe.

Example 6
Construction of a CYC1 Yeast Promoter with an a2 Controllable Repressor Sequence

The methods used to construct a CYC1 promoter with an a2 controllabie sequence were broadly the
same as those described in Example 5 above. Oligonucleotides N9, N10, N11 and N12 were treated with
polynuclotide kinase and annealed to generate a duplex DNA comprising a 33 base pair repressor
sequence, and single stranded 5’ overhangs for insertion at a Sall or Xho1 site. Plasmid pLG312 {1 Mg) was
digested with Xho1 (5 units) for 30 minutes at 37°C in Xho1 digestion buffer (see Example 5). To the
digestion mixture was added 10 units of calf intestinal alkaline phosphatase and incubation continued for a
further hour. The reaction was stopped by the addition of an equal volume of buffer-saturated-phenol,
followed by an equal volume of chioroform. The aqueous layer was removed and the DNA precipitated by
the addition of two volumes of ethanol. After cooling for ten minutes in dry ice-ethanol, the mixture was
centrifuged in an Eppendorf centrifuge for five minutes. The supernatant was removed, the precipitate air
dried and resuspended in 50 pl of 10 mM Tris.HCI pH 7, 1 mM EDTA (TE) buffer.

The annealed oligonucleotides (0.3 pl/mi) and the phosphate treated vector DNA (12.5 pg/ml) were
ligated together as described in Example 5 and the ligation mixture used to transform E. co/i. Ampicillin
transformants were obtained, and plasmid DNA prepared from these (Ish, Horowitz and Burke Nucl. Acids.
Res. (1981) 9). The orientation of oligonucleotide inserts was determined by restriction analysis and
Southern hybridization as described in Example 5.

Example 7

Demonstration that a chemically synthesised repressor sequence controls the activity of the CYC1
promoter in yeast

Example 1 demonstrated that DNA fragments carrying an al/a2 repressor sequence can control a
heterologous promoter, namely the CYC1 promoter of yeast. To demonstrate that the chemically
synthesised 20 base pair repressor sequence found in the 5’ region of the HO gene (HO-411) is sufficient to
elicit this control in yeast, the pLG312 derivatives constructed as described in Example 5, were analysed for
CYC1 promoter function by assaying B-galactosidase activity as described in Example 1. Two derivatives of
plasmid pLG312, one with the repressor sequence inserted in one orientation (insert D), and one with it
inserted in the opposite orientation (insert D') were each transformed into yeast strain M30 (sir*®} as
described in Example 1. A control transformation with pLG312 itself was also performed.

The sequences of the three plasmid constructs used in this experiment, in the region of the Xho1 site
were as follows:—

( €— UAS) pLG312 (TATA —¥ )
5! GGCTAATCCTCGAGGTCGACCTCGAGCAGA 3°'
¥ K KKK Kk Ky %

Insert D
5! GGCTAATCEECGAGGTCGATTCATGTTATTATTTACATCATTCGAC
CTCGAGCAGA 3!
KK 3 2 N

Insert D'
5! GGCTAATCCTCGAGGTCGAATGATGTAAATAATAACATGAATCGAC

CTCGAGGAGA 3
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(Xho1 sites are marked with asterisks and the inserted sequences are underlined.

The levels of B-galactosidase activity produced at both 34°C and 23°C were measured as described in
Example 1. At 34°C a1 and a2 repressor proteins are synthesised in strain M30, and should recognise the
control sequence, thereby repressing transcription. At 23°C al repressor protein should not be produced,
hence transcription should be subject to normal CYC1 control. When raffinose was used as the carbon
source for M30 carrying pLG312 with ether insert D or D', less than 0.5 units of B-galactosidase activity were
detected during growth at 34°C, whilst 80 units of activity were detected during growth at 23°C. The induced
levels observed were similar to those detected with the parent vector. This demonstrated that the
chemically synthesised repressor sequence encoded sufficient information to confer al/a2 — dependent
control on a heterologous promoter, and that no other sequences were required.

Example 8
Insertion of the a1/a2 repressor sequence upstream of the UAS.

Example 1 demonstrated the ability of an a1/a2 repressor sequence to control CYC1 promoter activity
when inserted between the UAS and TATA box of this promoter. In this example, the effect of inserting
insert A upstream of the UAS is described. insert A was isolated as described in Example 1 as a BG1ll to
BAM HI DNA fragment. The 5 single stranded overhangs were filled in by incubating lug of DNA fragment
with T4 DNA polymerase (5 units) in 33 mM Tris-acetate pH 7.9, 66 mM potassium acetate, 10 mM
magnesium acetate and 0.5 mM dithiothreitol at 30°C for 30 minutes. Plasmid pLG312 (1 pg) was digested
with Sma1 (2 units) in buffer containing 6 mM Tris.HCI pH 8, 6 mM MgCl,, 6 mM mercaptoethanol and 20
mM KCI at 37°C for 1 hour. The enzyme was inactivated by heating at 68°C for 10 minutes.

Blunt ended insert A was ligated to Sma1 digested pLG312 under standard DNA ligase conditions (as
previously described), and the mixture used to transform E, coli. A control transformation with pLG312 was
also performed. Ampicillin resistant transformants were selected and recombinant plasmids detected by
colony hybridisation (as described hereinbefore).

: 'I;Ihe sequences of the plasmid constructs used in this experiment, in the region of the Sam1 site were |
as follows:

pLG312
5' GCTCCCGGGTAA 3'

Smal
Insert A
5' GCTCCCGATCCACGAAAATGATGTGAATGAATACATGA
AAGATTCATGAGATCGG 3'

Insertion of insert A at the Sam1 site places the al/a2 control sequences 30—50 base pairs upstream
from the beginning of the UAS (see Guarente and Mason (1983), Cell 32 1279). In this possition the
repressor sequence exerts partial repression on the promoter. Transcription was reduced by about 4-to 7-
fold in yeast cells expressing both a1 and a2 proteins, as compared to about 200 fold when insertion was at
the Xhol site.

Transcription quantitation was by the protection of radiolabelled DNA from digestion with S1 nuclease
(Milier and Nasmyth Nature 372 (1984) 247—51).

Example 9
Construction of a yeast expression vector with a PGK promoter and a1/a2 controllable repressor sequence

The al/a2 controllable repressor seqeuence was inserted into the control sequence of the yeast
phosphoglycerate kinase (PGK) gene to generate a controllable yeast expression system.

The PGK gene control sequence includes a unique Pvul restriction site which lies upstream of the TATA
box {see copending published European patent application EP—0—073—635), and by analogy with control
of the CYC1 promoter should allow a1/a2 regulation of the PGK promoter to be exerted.

To generate a plasmid comprising the PGK gene promoter and a unique Pvui site a plasmid, pYCS, was
constructed (Fig. 4). The PGK gene promoter sequence for construction of pYCS was obtained from plasmid
pYCA4. Plasmid pYC4 was constructed by digesting pMA 3013 (5 ug) (European Patent Application
EP—A2—0073635 — pMa 3013 has now been renumbered as pMA 91) with Hind lll (10 units) in buffer
containing 7 mM Tris.HCI pH 7.4, 7 mM MgCl, and 60 mM NaCl for 1 hour at 37°C. The DNA fragments were
separated on a 0.7% Agarose gel and the Hind lll fragment carrying the PGK promoter and transcriptional
terminator was isolated. This fragment was incubated with T4 DNA polymerase and all four deoxy-
nucleotide triphosphates to give a blunt ended DNA fragment (as described in previous Examples). The
resultant blunt ended fragment was ligated into pSP 65 (2 ug) (obtained from P & S Biochemicals Ltd.)
digeted with Hinc Il {4 units) in buffer containing 10 mM Tris.HCI pH 7.5, 7 mM MgCl,, 60 mM NaCl, 1 mM
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dithiothreitol, at 37°C for 1 hour. The ligation mixture was transformed into £. cofi. and ampicillin resistant
transformants selected. One of these transformants was pYC4.

Plasmid pYC4 {2 ng) was digested with Pstl (4 units) in 20 mM Tris.HCI pH 7.5, 10 mM MgCl,, 1 mM di-
thiothreitol and 50 mM NaCl at 37°C for 1 hour, and then the mixture was made up to 100 mM Tris.HC| pH
7.5 and 5 units of EcoRl was added. Incubation at 37°C was continued for a further hour. The DNA
fragments generated were separated by electrophoresis on a 0.7% agarose gel in TAE buffer. The smallest
fragment carried the PGK promoter and transcriptional terminator, and was isolated from the gel by the
method of Vogelstein & Gillespie (Proc. Natl. Acad. Sci. U.S.A. (1979) 675). Plasmid pBR322 was digested
with Pst1 and EcoRl, as described for pYC4, and the largest DNA fragment isolated from a 0.7% agarose
gel. These two fragments were mixed together at a concentration of 10 pg/ml and ligated together under
standard conditions as described above. The ligation mixture was used to transform £. co/i and tetracycline
resistant transformants were selected. One isolate, pYC9, was analysed by restriction analysis and used in
further studies.

Plasmid pYC9 (5 u g) was digested with Pvul (10 units) in buffer containing 6 mM Tris.HCI pH 7.4, 6 mM
MgCl,, 2 mM dithiothreitol, and 150 mM NaCl, at 37°C for 1 hour. The reaction mixture was extracted with
phenol and chioroform as previously described, and ethanol precipitated. The DNA precipitate was
coliected by centrifugation in an Eppendorf bench centrifuge, air dried and resuspended in 10 pl of water.
The single stranded 3' overhangs were removed by treatment with T4 DNA polymerase in the presence of
all four deoxynucleoside triphosphates (Maniatis, Fritsch and Sambrook, “Molecutar Cloning” Cold Spring
Harbor Laboratory (1982). The blunt ended linear molecule was then purified by 0.7% agarose gel electro-
phoresis and treated with calf intestinal alkaline phosphatase, as described hereinbefore.

The linear, phosphatase treated, blunt ended DNA fragment (12 ug/ml) was ligated to polynucleotide
kinase-treated Xhol linker (0.4 pg/ml) [ACCTCGAGGT] under standard conditions. The Xhol linker was
synthesised by an automated DNA synthesiser (Patel, Millican, Bose, Titmas, Mock and Eaton (Nucl. Acids.
Res. (1982), 70 5605)) and was kinase treated as described hereinbefore.

The ligation mixture was transformed into £. coli and tetracycline resistant colonies were selected.
Plasmid DNA preparations were made from several transformants {Ish Horowitz and Burke, Nucl. Acids.
Res. {1981) 9, 2989) and digested with Xhol as described above. One isolate pYC10 was used for further
studies (Fig. 4).

Plasmid pYC10 (5 ug) was digested in Xho1 digestion buffer containing 10 units of enzyme at 37°C for 1
hour. 5 units of calf intestinal phosphatase was then added and incubation continued for a further 1 hour.
The reaction mixture was then phenoi and chloroform extracted with the DNA precipitated, as described
hereinbefore. The final precipitate was suspended in 20 i of TE buffer. The phosphatase treated DNA (12
pg/mi) was ligated to a1/a2 repressor seqeuence oligonucleotides pairs N5 and N6, and N7 and N8 as
described hereinbefore, and the ligation mixture was used to transform E. coli. Tetracycline resistant
transformants were selected and analysed as described in Example 4, for the presence of cloned oligo-
nucleotides and their orientation.

To generate a yeast expression vector with an a1/a2 controllable PGK promoter, piasmid pYC10 (5 ug)
comprising an a1/a2 repressor sequence cioned into the Xho1 site as described above, is digested with
Bg1ll {10 units) and EcoR1 (10 units) under standard conditions and the smallest DNA fragment isolated
from a 1% agarose gel in TAE buffer. Plasmid pMA3013 (5 ug) (European Patent EP—A2--0073635) is
digested with Bg1ll {10 units) and partially with EcoR1 {5 units) under standard buffer conditions, and the
EcoR1—Bg1ll fragment comprising the 2 u origin of replication, Leu2 selectable marker, pBR322 origin and
ampicillin resistance marker is purified by agarose gel electrophoresis. The two pure DNA fragments are
ligated together to generate a plasmid with an a1/a2 controliable PGK promoter, a unique Bg1ll expression
site, 2 p origin or replication, Leu2 selectable yeast marker, pBR322 origin of replication and an ampicillin
resistance £. coli selectable marker (pYC11).

Example 10

Construction of a yeast expression vector with a PGK gene promoter under a2 control

Plasmid pYC10 digested with Xhol and treated with calf intestinal alkaline phosphatase was used for
the insertion of an a2 controllable repressor operator sequence. Annealed- and polynucleotide kinase-
treated oligonucleotides N9—12 were ligated to Xhol cut and phosphatase treated pYC10 as described for
oligonucleotide insertions in the previous exampies. The ligation mixture was transformed into £. coli and
tetracycline resistant transformants obtained. These were analysed and insert orientation determined, as
described previously. Those plasmids comprising inserts are used to generate an expression plasmid
identical to pYC11, except that the PGK gene promoter is regulated by a2 protein, using the same protocol
as described in Example 9.

Example 11
Controlled expression of heterologous structural genes in yeast using controllable repressor operator
sequences
Yeast expression vectors carrying a strong promoter such as the PGK gene promoter and an inserted
al/a2 or a2 controliable repressor operator sequence can be used in conjunction with a yeast strain
carrying a conditional mutation in the a2 repressor gene, to give a controllable expression system. For
example, a vector of the type pYC11 described in Figure 4, with a unique Bglil restriction site for insertion of
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a heterofogous structural gene between the promoter sequences and transcriptional terminator, can be
used to express a foreign gene e.g. methionine-prochymosin (Mellor, Dobson, Roberts, Tuite, Emtage,
White, Lowe, Kingsman, Kingsman and Patel, Gene {(1983); 24 1). Due to the presence of the al/a2 or a2
controllable repressor sequences, transcription from the promoter is dependent upon the activity of the
repressor protein. In a yeast strain carrying a temperature sensitive mutation in either the al or a2
repressor gene, such that at the permissive temperature (e.g. below 36°C), the a2 protein is functional, but
at the restrictive temperature (above 36°C) it is inactive, transcription of the heterologous structural gene
will proceed only at the restrictive temperature.

In the production of foreign proteins in yeast using this expression system, celis are grown to high
biomass at the permissive temperature and a shift to the non-permissive temperature allows heterologous
polypeptide accumulation.

Temperature-sensitive {ts) mutations in either a1 or a2 can be selected and screened using a yeast
diploid strain carrying a selectable marker gene which is under ai/a2 control and one other auxotrophic
marker gene which is under a1/a2 control. An example of such a yeast diploid strain is strain F100 which
has the foliowing genotype.

MATa HO::TRP1, trp1—1, Leu2—3, —112, ura3, ade2—1, his3—11,15

MATa HO::LACZ, trp1—1, leu2—3,—112, ura3, ade2—1, his4

Strain F100 was obtained by mating of the yeast haploid strains K1114 and K757. Strain K757 is a
standard yeast strain prepared by replacing the Bglll—Bglll fragment of the HO gene with the EcoRI—Bgl11
fragment of the yeast TRP1 gene. The HO—B-Galactosidase construction of strain K1114 was made by
inserting the Lac Z Sa11 fragment from pMC 1871 into a Xho linker mutant of the HO gene to produce a
yeast strain carrying a copy of the LACZ gene fused to the promoter of the homothallism (HO) gene. The
resultant strain is similar to one described by Jensen (Jensen R, PhD Thesis, University of Oregon, 1983). It
will be appreciated, however, that the above yeast strains are purely exemplary and other yeast strains
which have appropriate marker genes under a1/a2 control may be used.

Strain F100 carries a copy of the TRP1 gene and the LACZ gene each fused to the promoter of the
homothailism (HO) gene and thus should be under a1/a2 control. Both of these genes are expressed (i.e.
non-repressed) in either haploid strains or in diploids which carry deletions in either MATa or MATa, whilst
in the diploid, F100, both genes are repressed (i.e. have a trp~, lac™ phenotype) suggesting that they are
under a1/a2 control. T

To isolate ts mutations, F100 is mutagenisised with ethylmethane sulfonate (EMS) to 5—25% survival
according to the procedure of Fink, G. C. (Methods of Enzymology (1970) XVl A p. 59—78) and plated out
onto nitrocellulose filters placed on minimal medium (6.7 gl~" Yeast Nitrogen Base (Difco), w/o amino
acids, 20 g~ agar, 20 gl glucose) supplemented for all auxotrophic requirements with the exception of
tryptophan. The plates are incubated at the restrictive temperature (for example 36°C for 3—4 days).
Mutants which are defective in either a1 or a2 should no longer repress transcription at the HO::TRP1 gene
and thus should be able to grow in absence of tryptophan. To check that the mutations are frans acting (i.e.
no longer repressed at the HO::LacZ gene) the colonies are screened for B-galactosidase activity in the
following way. The nitrocellulose filters containing trp* colonies are placed in liquid nitrogen for 1—5
minutes and each subsequently transferred to Whatman No. 7, 9.0 cm filters soaked in 1.75 ml Z buffer
containing 25 pg/ml of 5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside (X-gal).

The filters, sealed in petri dishes, are incubated at 30°C for 7—6 hours to allow LAC* colonies to turn
blue. Colonies which have B-galactosidase activity are rescued from the nitroceilulose filters by plating out
onto YEPD (10 gI™" Yeast Extract 20 gl~' Bactopeptone, 20 gl agar, 20 gi™' glucose) agar plates.

To check for temperature-sensitive phenotype, mutants are grown at both the permissive (23°C) and
restrictive temperature in the absence or presence of tryptophan and screened for B-galactosidase activity
using the methods described above. Mutants which are ts for repression at both HO promoters are
presumed to carry ts mutation in either a1 or a2. To determine this, the mutants are fransformed with a -
yeast/E. coli shuttle vector containing either the wild-type al or a2 genes and tested for complementation
of the mutant phenotype at the restrictive temperature.

The selection and screening protocol described above may select only for mutations in the a2 gene
that affected the combined action of a1/a2 repression of transcription initiated from a promoter harbouring
the a1/a2 operator sequence(s). Thus any ts a2 mutation isolated by this method may not affect the specific
action of a2 repressor on a2 operator sequence.

To isolate ts mutations that specificaliy affect this action, a modification of the screening protocol in the
previous section can be used.

A haploid yeast strain carrying an auxotrophic marker which is under a1/a2 control may be used. An
example of such a yeast strain is strain K 757, discussed above which has the following genotype: MATaq,
HO::TRP1, trp1, can1—100, leu2—3,—112, his3—11,15, ade 2—1 ura3, is transformed with a yeastE.coli
vector carrying the CYC1/LACZ gene fusion e.g. pLG312 (Guarente, L et a/ PNAS USA (1982) 79,
7410—7414) and harbouring an a2 operator sequence between the Upstream Activator Sequence (UAS)
and TATA of the CYC1 promoter (as previously described in Example 1).
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The 757 strain transformed with the above plasmid is mutagenesised as described previously and
plated out onto nitrocellulose filters on YEPD agar medium and incubated at the restrictive temperature
(e.g. 36°C). Colonies that burn blue using the method described in the previous section are presumed to be
defective in a2 at the restrictive temperature. Mutants are further tested for temperature-sensitivity by their
ability to repress transcription from the CYC1 promoter at the permissive temperature (23°C).
Complementation analysis with a Yeast/E.coli plasmid containing the wild-type MATa gene should confirm
whether the mutation is specific for the a2 gene.

Example 12
Use of the a2 controllable repressor sequence in higher eukaryotic cells

To demonstrate that the a2 control system functions in higher eukaryotic cells it is first necessary to
construct eukaryotic expression vectors which direct the synthesis of the a2 repressor protein. For instance,
a structural gene coding for the a2 repressor protein is inserted into a unique cloning site between the Rous
Sarcoma Virus Long Terminal Repeat and Simian Virus 40 (SV40) polyadenylation site of an appropriate
expression plasmid to provide a plasmid such as p Ra2 (Figure 5). This plasmid additionally carries a
neomyecin resistance gene (neo) under the control of the SV40 early promoter to permit antibiotic selection
of transfected cell lines. Plasmid pRa2 is transfected into an appropriate mammalian cell line, e.g. mouse L
cells, and G418 resistant clones which express the a2 repressor protein are obtained.

The a2 protein expressing clones obtained above are then transfected with a plasmid expressing an
easily assayable gene product, such as chloramphenicol acetyl trasferase (CAT) which expression is under
a2 control. In this latter plasmid the expression of the CAT gene is under the control of a promoter known to
function in the host cells, e.g. the SV40 early promoter, and one or more copies of the a2 controllabie
repressor sequence are inserted into the promoter sequence. The levels of CAT expressed by the
transfected cells are monitored i.e. by monitoring CAT activity, and refiect the transcriptional control
exerted by the a2 protein. In the first instance the a2 repressor sequence is inserted adjacent to the 72 base
pair repeats of the SV40 early promoter.

Vectors expressing the al/a2 genes can be produced in a similar manner.

It will, of course, be understood that the present invention has been described above purely by way of
example, and modifications of detail can be made within the scope and spirit of the invention.

Claims for the Contracting States: BE CH DE FR GB IT LI LU NL SE

1. A eukaryotic expression vector comprising an expression control sequence including a functional
eukaryotic promoter not normally under mating type control and a heterologous structural gene located
relative to the expression control sequence such that the expression control sequence is capable of
directing expression of the heterologous structural gene, characterised in that the expression control
sequence includes a controllable repressor operator sequence comprising a DNA sequence which is
capable of repressing expression in the presence of either the a2 gene product of the MATa yeast mating
type locus allele or a combination of the a1 and a2 gene products of the MATa and MATa yeast mating type
locus alleles. -

2. A eukaryotic host organism transformed with an expression vector according to claim 1.

3. A eukaryotic host organism according to claim 2 wherein the host organism is further transformed
with a second eukaryotic expression vector capable of providing a controllable source of either a
combination of the a1 and a2 gene products of the MATa and MATa yeast mating type alleles or the a2
gene product of the MATa yeast mating type alliele.

4. A eukaryotic host organism according to claim 2 or 3 wherein the host organism is a yeast.

5. A method for preparing a polypeptide comprising culturing a eukaryotic host organism transformed
with a vector according to claim 1 in the presence of either the a2 gene product of the MATa yeast mating
type allele or combination of the a1 and a2 gene products of the MATa and MATa yeast mating type alleles
capable of repressing expression of the heterologous structural gene coding for the polypeptide, until a
predetermined cell density has been established, and subsequently reducing the level of the gene product
or products of the yeast mating type locus or loci, thereby allowing expression of the heterologous
structural gene and production of the polypeptide.

6. A eukaryotic expression vector according to claim 1 wherein a restriction site suitable for the
insertion of a heterologous gene exists in place of the heteroiogous structural gene.

7. A eukaryotic expression vector according to claim 1 wherein said DNA sequence which is capable of
repressing expression in the presence of a combination of the a1 and a2 gene products of the MATa and
MATa yeast mating type locus alleles comprises a double- stranded sequence of about twenty base pairs
having subsequences of about seven base pairs at opposite ends and in complementary strands of the
sequence, wherein the subsequences are substantially inverted repeats each of the other.

8. A eukaryotic expression vector according to claim 1 wherein said DNA sequence which is capable of
repressing expression in the presence of a combination of the a1 and a2 gene products of the MATa and
MATa yeast mating type locus alleles is selected from one of the following sequences:
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CAATGTAGAAAAGTACATCA,
GCTTGTTAATTTACACATCA,
TCATGTACTTTTCTGCATCA,
CCGCGTTAAAACCTACATCA,
TTATGTTAAAAGTTACATCC,
GCCTGCGATGAGATACATCA,
TAGAGTGAAAAAGCACATCG,
TCATGTATTCATTCACATCA,
ACATGTCTTCAACTGCATCA,
TCGTGTATTTACTTACATCA,
TCATGTTATTATTTACATCA,
TCATGTCCACATTAACATCA,

GCGTTTAGAACGCTTCATCA.

9. A eukaryotig ex.pression vector according to claim 1 wherein said DNA sequence is capable of
repressing expression in the presence of a combination of the a1 and a2 gene products of the MATa and
MATa yeast mating type locus alleles has substantially the following nucleotide base sequence:

TC(A or G)TGTNN(A or T)NANNTACATCA

wherein N denotes a nucleotide base selected from adenine, thymine, guanine and cytosine.

10. A eukaryotic expression vector according to claim 1 wherein said DNA sequence which is capable
of repressing expression in the presence of the a2 gene product of the MATa yeast mating type locus allele
comprises a double-stranded sequence of about thirty-three base pairs having subsequences of about ten
base pairs at opposite ends and in complementary strands of the sequence, wherein the subsequences are
substantially inverted repeats each of the other.

11. A eukaryotic expression vector according to claim 1 wherein said DNA sequence is capable of
repressing expression in the presence of the a2 gene product of the MATa yeast mating type locus allele is
selected from one of the following sequences:

GTGTGTAATTACCCAAAAAGGAAATTTACATGT,
GCATGTAATTACCGTAAAAGGAAATTACATGG,

and
TCATGTACTTACCCAATTAGGAAATTTACATGG.

12. .A eukaryotic expression vector according to claim 1 wherein said DNA sequence is capable of
repressing expression in the presence of the a2 gene product of the MATa yeast mating type locus allele
has substantially the following nucleotide base sequence:

GCATGTAATTACCCAAAAAGGAAATTTACATGG.

13. A controllable repressor operator sequence capable, when inserted into the expression control
sequence of a eukaryotic expression vector, of repressing expression in the presence of a combination of
the al and a2 gene products of the MATa and MATa yeast mating type alleles.

14. A controllable repressor operator sequence according to claim 13 wherein said sequence
comprises a double-stranded sequence of about twenty base pairs having subsequences of about seven
base pairs at opposite ends and in complementary strands of the sequence, wherein the subsequences are
substantially inverted repeats each of the other.

15. A controllable repressor operator sequence according to claim 13 wherein said sequence is
selected from one of the following sequences:

CAATGTAGAAAAGTACATCA,
GCTTGTTAATTTACACATCA,
TCATGTACTTTTCTGCATCA,
CCGCGTTAAAACCTACATCA,
TTATGTTAAAAGTTACATCC,
GCCTGCGATGAGATACATCA,
TAGAGTGAAAAAGCACATCG,
TCATGTATTCATTCACATCA,
ACATGTCTTCAACTGCATCA,
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TCGTGTATTTACTTACATCA,
TCATGTTATTATTTACATCA,
TCATGTCCACATTAACATCA,

GCGTTTAGAACGCTTCATCA.

16. A controllable repressor operator sequence according to claim 13 wherein said sequence has
substantially the following nucleotide base sequence:

TC(A or G)TGTNN(A or T)NANNTACATCA

17. A controllable repressor operator sequence capabie, when inserted into the expression control
sequence of a eukaryotic expression vector, of repressing expression in the presence of the a2 gene
product of the MATa yeast mating type locus. o

18. A controllable repressor operator sequence according to claim 17 wherein said sequence
comprises a double-stranded sequence of about thirty-three base pairs having subsequences of about ten
base pairs at opposite ends and in complementary strands of the sequence, wherein the subsequences are
substantially inverted repeats each of the other.

19. A controllable repressor operator sequence according to claim 17 wherein said sequence is
selected from one of the following sequences:

GTGTGTAATTACCCAAAAAGGAAATTTACATGT,
GCATGTAATTACCGTAAAAGGAAATTACATGG,
and

TCATGTACTTACCCAATTAGGAAATTTACATGG.

20. A controllable repressor operator sequence according to claim 17 wherein said sequence has
substantially the following nucleotide base sequence:

GCATGTAATTACCCAAAAAGGAAATTTACATGG.

Claims for the Contracting State: AT

1. A process for the production of a eukaryotic expression vector comprising an expression control
sequence including a functional eukaryotic promoter not normally under mating type control and a
heterologous structural gene located relative to the expression control sequence such that the expression
control sequence is capable of directing expression of the heterologous structural gene, wherein the
expression control sequence includes a controllable repressor operator sequence comprising a DNA
sequence which is capable of repressing expression in the presence of either the a2 gene product of the
MATa yeast mating type locus allele or a combination of the a1 and a2 gene products of the MATa and
MATa yeast mating type locus alleles comprising the step of inserting a controllable repressor operator
sequence comprising a DNA sequence which is capable of repressing expression in the presence of either
the a2 gene product of the MATa yeast mating type locus allele or a combination of the a1 and a2 gene
products of the MATa and MATa yeast mating type locus alleles into said expression control sequence.

2. A process for the production of a eukaryotic host organism comprising the step of transforming the
said eukaryotic host organism with an expression vector produced according to the process of claim 1.

3. A process according to claim 2 wherein the host organism is further transformed with a second
eukaryotic expression vector capable of providing a controllable source of either a combination of the al
and a2 gene products of the MATa and MATa yeast mating type alleles or the a2 gene product of the MATa
yeast mating type allele.

4. A process according to claim 2 or 3 wherein the host organism is a yeast.

5. A process for preparing a polypeptide comprising culturing a eukaryotic host organism transformed
with a vector according to claim 1 in the presence of either the a2 gene product of the MATa yeast mating
type allele or combination of the a1 and a2 gene products of the MATa and MATa yeast mating type alleles
capable of repressing expression of the heterologous structural gene coding for the polypeptide, untii a
predetermined cell density has been established, and subsequentiy reducing the level of the gene product
or products of the yeast mating type locus or loci, thereby allowing expression of the heterologous
structural gene and production of the polypeptide.

6. A process according to claim 1 wherein a restriction site suitable for the insertion of a heterologous
gene exists in place of the heterologous structural gene.

7. A process according to claim 1 wherein said DNA sequence which is capable of repressing
expression in the presence of a combination of the a1 and a2 gene products of the MATa and MATa yeast
mating type locus alleles comprises a double-stranded sequence of about twenty base pairs having
subsequences of about seven base pairs at opposite ends and in complementary strands of the sequence,
wherein the subsequences are substantially inverted repeats each of the other.
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8. A process according to claim 1 wherein said DNA sequence which is capable of repressing
expression in the presence of a combination of the a1l and a2 gene products of the MATa and MATa yeast
mating type locus alleles is selected from one of the foliowing sequences:

CAATGTAGAAAAGTACATCA,
GCTTGTTAATTTACACATCA,
TCATGTACTTTTCTGCATCA,
CCGCGTTAAAACCTACATCA,
TTATGTTAAAAGTTACATCC,
GCCTGCGATGAGATACATCA,
TAGAGTGAAAAAGCACATCG,
TCATGTATTCATTCACATCA,
ACATGTCTTCAACTGCATCA,
TCGTGTATTTACTTACATCA,
TCATGTTATTATTTACATCA,
TCATGTCCACATTAACATCA,

GCGTTTAGAACGCTTCATCA.

9. A process according to claim 1 wherein said DNA sequence is capable of repressing expression in
the presence of a combination of the al and a2 gene products of the MATa and MATa yeast mating type
locus alleles has substantially the following nucleotide base sequence:

TC(A or G)TGTNN(A or T)NANNTACATCA

wherein N denotes a nucleotide base selected from adenine, thymine, guanine and cytosine.

10. A process according to claim 1 wherein said DNA sequence is capable of repressing expression in
the presence of the a2 gene product of the MATa yeast mating type locus allele comprises a double-
stranded sequence of about thirty-three base pairs having subsequences of about ten base pairs at
opposite ends and in complementary strands of the sequence, wherein the subsequences are substantially
inverted repeats each of the other.

11. A process according to claim 1 wherein said DNA sequence is capabie of repressing expression in
the presence of the a2 gene product of the MATa yeast mating type locus allele is selected from one of the
following sequences:

GTGTGTAATTACCCAAAAAGGAAATTTACATGT,
GCATGTAATTACCGTAAAAGGAAATTACATGG,
and

TCATGTACTTACCCAATTAGGAAATTTACATGG.

12, A process according to claim 1 wherein said DNA sequence is capable of repressing expression in
the presence of the a2 gene product of the MATa yeast mating type locus allele has substantially the
following nucleotide base sequence:

GCATGTAATTACCCAAAAAGGAAATTTACATGG.
Patentanspriiche fiir die Vertragsstaaten: BE CH DE FR GB IT LI LU NL SE

1. Eukaryotischer Expressionsvektor, enthaltend eine Expressionskontrollsequenz mit einem
funktlionellen eukaryotischen Promotor, der normalerweise nicht unter Paarungstyp-Kontrolle steht, und

einem heterologen Strukturgen, das relativ zu der Expressionskontrollsequence derart angeordnet ist, daf3 .

diese imstande ist, die Expression des heterologen Strukturgens zu leiten, dadurch gekennzeichnet, daf
die Expressionskontrollsequenz eine kontrollierbare Repressor-Operator-Sequenz umfafit, die eine DNA-
Sequenz aufweist, die in Gegenwart entweder des a2-Genprodukts des Hefe-Paarungstyp-Locus-Alfels
MATa oder einer Kombination der a1- und a2-Genprodukte der Hefe-Paarungstyp-Locus-Aliele MATa- und
MATa zur Expressionsunterdriickung imstande ist.

2. Eukaryotischer Wirtsorganismus, der mit einem Expressionsvektor nach Anspruch 1 transformiert
ist.

3. Eukaryotischer Wirtsorganismus nach Anspruch 2, der weiter transformiert ist mit einem zweiten
eukaryotischen Expressionsvektor, der imstande ist, eine kontrolllerbare Quelle entweder einer
kombination der al- und a2-Genprodukte der Hefe-Paarungstyp-Allele MATa- und MATa oder des a2-
Genprodukts des Hefe-Paarungstyp-Allels MATa zur Verfiigung zu stellen.

4. Eukaryotischer Wirtsorganismus nach Anspruch 2 oder 3, der eine Hefe ist.

5. Verfahren zur Herstellung eines Polypeptids, bei welchem Verfahren ein mit einem Vektor nach
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Anspruch 1 transformierter eukaryotischer Wirtsorganismus in Gegenwart entweder des a2-Genprodukts
des Hefe-Paarungstyp-Allels MATa oder der Kombination a1- und a2-Genprodukte der Hefe-Paarungstyp-
Allele MATa und MATa geziichtet wird, welche Genprodukte zur Unterdriickung der Expression des
heterologen, fiir das Polypeptid codierenden Strukturgens befahigt sind, wobei die Ziichtung solange
erfolgt, bis eine vorherbestimmte Zelldichte erreicht ist, worauf anschlieBend der Gehalt an Genprodukt
oder Genprodukten des Hefe-Paarungstyp-Locus oder der -Loci abgesenkt wird, um Expression des
heterologen Strukturgens und Produktion des Polypeptids zu gestatten.

6. Eukaryotischer Expressionsvektor nach Anspruch 1, bei welchem eine zur Einschieusung eines
heterologen Gens geeignete Restriktionsstelle an der Stelle das heterologen Strukturgens existiert.

7. Eukaryotischer Expressionsvektor nach Anspruch 1, bei welchem die genannte DNA-Sequenz, die in
Gegenwart einer Kombination a1- und a2-Genprodukte der Hefe-Paarungstyp-Locus-Aliele MATa- und
MATa zur Expressionsunterdriickung imstande ist, eine doppelstrangige Sequenz von etwa 20
Basenpaaren mit Untersequenzen von etwa 7 Basenpaaren an gegeniiberliegenden Enden und in
komplementéren Strangen der Sequenz enthdit, wobei die Untersequenzen im wesentlichen jeweils
umgekehrte Wiederholungen voneinander sind.

8. Eukaryotischer Expressionsvektor nach Anspruch 1, bei welchem die genannte DNA-Sequenz, die in
Gegenwart einer Kombination der a1- und a2-Genprodukte der Hefe-Paarungstyp-Locus-Allele MATa und
MATa zur Expressionsunterdriickung Imstande ist, ausgewahlt ist aus einer der folgenden Sequenzen:

CAATGTAGAAAAGTACATCA,
GCTTGTTAATTTACACATCA,
TCATGTACTTTTCTGCATCA,
CCGCGTTAAAACCTACATCA,
TTATGTTAAAAGTTACATCC,
GCCTGCGATGAGATACATCA,
TAGAGTGAAAAAGCACATCG,
TCATGTATTCATTCACATCA,
ACATGTCTTCAACTGCATCA,
TCGTGTATTTACTTACATCA,
TCATGTTATTATTTACATCA,
TCATGTCCACATTAACATCA,

GCGTTTAGAACGCTTCATCA.

9. Eukaryotischer Expressionsvektor nach Anspruch 1, bei welchem die genannte DNA-Sequenz, die in
Gegenwart einer Kombination der a1- und a2-Genprodukte der Hefe-Paarungstyp-Locus-Allele MATa und
MATa zur Expressionsunterdriickung imstande ist, im wesentlichen die folgende Nucleotidbasensequenz
hat:

TC (A oder G) TGTNN (A oder T) NANNTACATCA

worin N eine Nucleotidbase, ausgewahit aus Adenin, Thymin, Guanin und Cytosin, bedeutst.

10. Eukaryotischer Expressionsvektor nach Anspruch 1, bei welchem die genannte DNA-Sequenz, die
in Gegenwart des a2-Genproduktes des Hefe-Paarungstyp-Locus-Allels MATa zur Expressionsunter-
driickung imstande ist, eine doppelstrangige Sequenz von ewta 33 Basenpaaren mit Untersequenzen von
etwa 10 Basenpaaren an gegeniiberliegenden Enden und in komplementéren Strigen der Sequenz enthait,
wobei die Untersequenzen im wesentlichen jeweils umgekehrte Wiederholungen voneinander sind.

11. Eukaryotischer Expressionsvektor nach Anspruch 1, bei welchem die DNA-Sequenz, die in
Gegenwart des a2-Genproduktes des Hefe-Paarungstyp-Locus-Allels MATa zur Expressionsunterdriickung
imstande ist, ausgewahlt ist aus einer der folgenden Sequenzen:

GTGTGTAATTACCCAAAAAGGAAATTTACATGT,
GCATGTAATTACCGTAAAAGGAAATTACATGG,

und
TCATGTACTTACCCAATTAGGAAATTTACATGG.

12. Eukaryotischer Expressionsvektor nach Anspruch 1, bei welchem die genannte DNA-Seguenz, die
in Gegenwart des a2-Genproduktes des Hefe-Paarungstyp-Locus-Allels MATa zur Expressionsunter-
driickung imstande ist, im wesentlichen die folgende Nucleotidbasensequenz hat:

GCATGTAATTACCCAAAAAGGAAATTTACATGG.

13. Kontrollierbare Repressor-Operator-Sequenz, die nach Einsetzung in die Expressionskontroll-
sequenz eines eukaryotischen Expressionsvektors zur Unterdriickung der Expression in Gegenwart einer
Kombination der a1- und a2-Genprodukte der Hefe-Paarungstyp-Allele MATa und MATa imstande ist.
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14. Kontrollierbare Repressor-Operator-Sequenz nach Anspruch 13, bei welcher die genannte Sequenz
eine doppelstrangige Sequenz von etwa 20 Basenpaaren mit Untersequenzen von etwa 7 Basenpaaren an
gegeniiberliegenden Enden und in komplementéren Strangen der Sequenz enthidlt, wobei die
Untersequenzen im wesentlichen jeweils umgekehrte Wiederholungen voneinander sind.

15. Kontrollierbare Repressor-Operator-Sequenz nach Anspruch 13, bei welcher die genannte Sequenz
ausgewdhlt ist aus einer der folgenden Sequenzen:

CAATGTAGAAAAGTACATCA,
GCTTGTTAATTTACACATCA,
TCATGTACTTTTCTGCATCA,
CCGCGTTAAAACCTACATCA,
TTATGTTAAAAGTTACATCC,
GCCTGCGATGAGATACATCA,
TAGAGTGAAAAAGCACATCG,
TCATGTATTCATTCACATCA,
ACATGTCTTCAACTGCATCA,
TCGTGTATTTACTTACATCA,
TCATGTTATTATTTACATCA,
TCATGTCCACATTAACATCA,

GCGTTTAGAACGCTTCATCA.

16. Kontrollierbare Repressor-Operator-Sequenz nach Anspruch 13, bei welcher die genannte Sequenz
im wesentlichen die folgende Nucleotidbasensequenz hat:

TC (A oder G) TGTNN (A oder T) NANNTACATCA

17. Kontrollierbare Repressor-Operator-Sequenz, die nach Einsetzung in die Expressionskontroll-
sequenz eines eukaryotischen Expressionsvektors imstande ist, in Gegenwart des a2-Genproduktes des
Hefe-Paarungstyp-Locus MATa Expression zu unterdrlicken.

18. Kontrollierbare Repressor-Operator-Sequenz nach Anspruch 17, bei welcher die genannte Sequenz
eine doppelstrangige Sequenz von etwa 33 Basenpaaren mit Untersequenzen von etwa 10 Basenpaaren an
gegeniberiiegenden Enden und in komplementiren Stringen der Sequenz enthélt, wobei die
Untersequenzen im wesentlichen jeweils umgekehrte Wiederholungen voneinander sind.

19. Kontrollierbare Repressor-Operator-Sequenz nach Anspruch 17, bei welcher die genannte Sequenz
ausgewdhlt ist aus einer der folgenden Sequenzen:

GTGTGTAATTACCCAAAAAGGAAATTTACATGT,
GCATGTAATTACCGTAAAAGGAAATTACATGG,

und
TCATGTACTTACCCAATTAGGAAATTTACATGG.

20. Kontrollierbare Repressor-Operator-Sequenz nach Anspruch 17, bei welcher die genannte Sequenz
im wesentlichen die folgende Nucleotidbasensequenz hat:

GCATGTAATTACCCAAAAAGGAAATTTACATGG.
Patentanspriiche fiir den Vertragsstaat: AT

1. Verfahren zur Herstellung eines eukaryotischen Expressionsvektors der enthélt: eine Expressions-
kontrolisequenz mit einem funktionellen eukaryotischen Promotor, der normalerweise nicht unter
Paarungstyp-Kontrolle steht, und einem heterologen Strukturgen, das relativ zu der Expressionskontroll-
sequenz derart angeordnet ist, dal diese imstande ist, die Expression des heterologen Strukturgens zu
leiten, wobei die Expressionskontrollsequenz eine kontrollierbare Repressor-Operator-Sequenz umfaft,
die eine DNA-Sequenz aufweist, die in Gegenwart entweder des a2-Genprodukts des Hefe-Paarungstyp-
Locus-Allels MATa oder einer Kombination der eukaryotic a1- und a2-Genprodukte der Hefe-Paarungstyp-
Locus-Allele MATa- und MATa zur Expressmnsunterdruckung imstande ist, bei welchem Verfahren
folgender Schritt vorgesehen ist: Einsetzen einer kontrollierbaren Repressor-Operator-Sequenz, die sine
DNA-Sequenz enthélt, die in Gegenwart entweder des a2-Genproduktes des Hefe-Paarungstyp-Locus-
Aliels MATa oder einer Kombination der a1- und a2- Genprodukte der Hefe-Paarungstyp-Locus-Allele
MATa und MATa zur Expressmnsunterdruckung imstande ist, in die genannte Expressionskontrolisequenz.

2. Verfahren zur Herstellung eines eukaryotischen Wirtsorganismus, bei welchem Verfahren der Schritt
vorgesehen ist, diesen eukaryotischen Wirtsorganismus mit einem nach dem Verfahren von Anspruch 1
produzierten Expressionsvektor zu transformieren.
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3. Verfahren nach Anspruch 2, bei weichem der Wirtsorganismus weiters mit einem zweiten
eukaryotischen Expressionsvektor transformiert wird, der imstande ist, eine kontrollierbare Quelie
entweder einer Kombination der a1- und a2-Genprodukte der Hefe-Paarungstyp-Allele MATa- und MATa
oder des a2-Genprodukts des Hefe-Paarungstyp-Allels MATa zur Verfligung zu stelien.

4. Verfahren nach Anspruch 2 oder 3, bei welchem der ertsorgamsmus eine Hefe ist.

5. Verfahren zur Herstellung eines Polypeptids, bei welchem ein mit einem in Anspruch 1 definierten
Vektor transformierter Wirtsorganismus in Gegenwart entweder des a2-Genprodukts des Hefe-
Paarungstyp-Aliels MATa oder ein Kombination der al- und a2-Genprodukte der Hefe-Paarungstyp~
Allele MATa und MATa die zur Unterdriickung der Expressmn des fiir das Polypeptid codierenden
heterologen Strukturgens imstande sind, geziichtet wird, bis eine vorherbestimmte Zelldichte erreicht
wird, worauf der Gehalt an Genprodukt oder -produkten des {der} Hefe-Paarungstyp-Locus (-Loci) gesenkt
wird, um dadurch Expression des heteroiogen Strukturgens und Produktion des Polypeptids zu erlauben.

6. Verfahren nach Anspruch 1, bei welchem eine zum Einschieusen eines heterologen Strukturgens
geeignete Restriktionsstelle an der Stelle das heterologen Strukturgens existiert.

7. Verfahren nach Anspruch 1, bei welchem die genannte DNA-Sequenz, die in Gegenwart einer
Kombination al- und a2-Genprodukte der Hefe-Paarungstyp-Locus-Allele MATa- und MATa zur
Expressionsunterdriickung imstande ist, eine doppelstrangige Sequenz von etwa 20 Basenpaaren mit
Untersequenzen von etwa 7 Basenpaaren an gegeniberiiegenden Enden und in komplementéren Strédngen
der Sequenz enthélt, wobei die Untersequenzen im wesentlichen jeweils umgekehrte Wiederholungen
voneinander sind.

8. Verfahren nach Anspruch 1, bei welchem die genannte DNA-Sequenz, die in Gegenwart einer
Kombination der al- und a2-Genprodukte der Hefe- Paarungstyp -Locus-Aliele MATa und MATa zur
Expressionsunterdriickung imstande ist, ausgewahlt ist aus einer der folgenden Sequenzen:

CAATGTAGAAAAGTACATCA,
GCTTGTTAATTTACACATCA,
TCATGTACTTTTCTGCATCA,
CCGCGTTAAAACCTACATCA,
TTATGTTAAAAGTTACATCC,
GCCTGCGATGAGATACATCA,
TAGAGTGAAAAAGCACATCG,
TCATGTATTCATTCACATCA,
ACATGTCTTCAACTGCATCA,
TCGTGTATTTACTTACATCA,
TCATGTTATTATTTACATCA,
TCATGTCCACATTAACATCA,

GCGTTTAGAACGCTTCATCA.

8. Verfahren nach Anspruch 1, bei welchem die genannte DNA-Sequenz, die in Gegenwart einer
Kombination der al- und a2-Genprodukte der Hefe-Paarungstyp-Locus-Allele MATa und MATa zur

" Expressionsunterdriickung imstande ist, im wesentlichen die folaenden Nucleotidbasensequenz hat:

TC(A oder G) TGTNN (A oder T) NANNTACATCA

in welcher N eine Nucleotidbase bezeichnet, die ausgewahlt ist aus Adenin, Thymin, Guanin und Cytosin.

10. Verfahren nach Anspruch 1, bei welchem die genannte DNA-Sequenz, die in Gegenwart des a2-
Genprodukts des Hefe-Paarungstyp-Locus-Allels MATa zur Expressionsunterdriickung imstande ist, eine
doppelstrangige Sequenz von ewta 33 Basenpaaren mit Untersequenzen von etwa 10 Basenpaaren an
gegeniiberliegenden Enden und in komplementdren Strdngen der Sequenz enthalt, wobei die
Untersequenzen im wesentlichen jeweils umgekehrte Wiederholungen voneinander sind.

11. Verfahren nach Anspruch 1, bei welchem die DNA-Sequenz, die in Gegenwart des a2-Genprodukts
des Hefe-Paarungstyp-Locus-Allels MATa zur Expressionsunterdriickung imstande ist, ausgewahlt ist aus
den foigenden Sequenzen:

GTGTGTAATTACCCAAAAAGGAAATTTACATGT,
GCATGTAATTACCGTAAAAGGAAATTACATGG,

und
TCATGTACTTACCCAATTAGGAAATTTACATGG.

12. Verfahren nach Anspruch 1, bei welchem die genannte DNA-Sequenz, die in Gegenwart des a2-
Genprodukts des Hefe-Paarungstyp-Locus-Alleis MATa zur Expressionsunterdriickung imstande ist, im
wesentlichen die folgende Nucleotidbasensequenz hat:

GCATGTAATTACCCAAAAAGGAAATTTACATGG.
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Revendications pour les Etats contractants: BE CH DE FR GB IT LI LU NL SE

1. Un vecteur d’expression eucaryotique comprenant une séquence régulatrice de |'expression
englobant un promoteur eucaryotique fonctionnel ne se trouvant normalement pas sous contréle de type
conjugaison et un géne de structure hétérologue localisé de telle maniére par rapport a la séquence
régulatrice de I'expression que la séquence régulatrice de 'expression soit capable de diriger I'expression
du géne de structure hétérologue, caractérisé en ce que la séquence régulatrice de I'expression comprend
une séquence répresseur-opérateur contréiable comportant une séquence d’ADN capable de réprimer
I'expression en présence soit du produit de géne a2 de I'aliéle du locus de levure de type conjugaison
MATq, soit d'une combinaison des produits de genes a1 et a2 des alléles du locus de levure de type
conjugaison MATa et MATa.

2. Un organisme hote eucaryotique a I'aide d'un vecteur d’expression selon la revendication 1.

3. Un organisme hote eucaryotique selon la revendication 2, dans lequel I'organisme hote est en outre
transformé a [‘aide d’'un second vecteur d’expression eucaryotique capable de fournir une source
contrdlable d'une combinaison des produits de génes a1 et a2 des alléles de levure de type conjugaison
MATa et MATa ou du produit de géne a2 de l'alléle de ievure de type conjugaison MATa.

4. Un organisme hote eucaryotique selon la revendication 2 ou 3, dans laquel I'organisme hote est une
levure.

5. Un procédé de préparation d'un polypeptide consistant 4 cultiver un organisme héte eucaryotique
transformé a I'aide d'un vecteur selon la revendication 1 en présence soit du produit de géne a2 de I'alléle
de levure de type conjugaison MATg, soit d'une combinaison des produits des génes a1 et a2 des alléles de
levure de type conjugaison MATa et MATa capable de réprimer 'expression du géne de structure
hétérologue codant pour le polypeptide jusqu’a établissement d’une densité de cellules prédéterminée et a
réduire subséquement le taux du ou des produits de géne du ou des loci de levure de type conjugaison,
permettant ainsi I'expression du géne de structure hétérologue et la production du polypeptide.

6. Un vecteur d'expression eucaryatique selon la revendication 1 dans lequel un site de restriction se
prétant a l'insertion d'un géne hétérologue existe a la place du géne de structure hétérologue.

7. Un vecteur d’expression eucaryotique selon ia revendication 1, dans lequel la séquence d’ADN qui
est capable de réprimer I'expression en présence d’une combinaison des produits de génes a1 et a2 des
alléles du locus de levure de type conjugaison MATa et MATa comprend une séquence double brin
d’environ vingt paires de bases comportant des sous-séquences d'environ sept paires de bases aux
extrémités opposées et dans les brins complémentaires de la séquence, les sous-séquences étant, en
substance, des séquences répétées inverses les unes par rapport aux autres.

8. Un vecteur d'expression eucaryotique selon la revendication 1, dans lequel ladite séquence d'ADN
qui est capable de réprimer I'expression en présence d'une combinaison des produits des génes at et a2
des alléles du locus de levure de type conjugaison MATa et MATa est choisie parmi une des séquences
suivantes

CAATGTAGAAAAGTACATCA,
GCTTGTTAATTTACACATCA,
TCATGTACTTTTCTGCATCA,
CCGCGTTAAAACCTACATCA,
TTATGTTAAAAGTTACATCC,
GCCTGCGATGAGATACATCA,
TAGAGTGAAAAAGCACATCG,
TCATGTATTCATTCACATCA,
ACATGTCTTCAACTGCATCA,
TCGTGTATTTACTTACATCA,
TCATGTTATTATTTACATCA,
TCATGTCCACATTAACATCA,

GCGTTTAGAACGCTTCATCA.

9. Un vecteur d'expression eucaryotique selon la revendication 1, dans lequel ladite séquence d’ADN
qui est capable de réprimer I'expression en présence d'une combinaison des produits de génes al et a2 des
alléles du locus de levure de type conjugaison MATa et MATa comporte, en substance, la séquence de
bases nucléotidiques suivantes:

TC(A ou G)TGTNN(A ou T)NANNTACATCA

dans _laquelle N désigne une base nucléotidique choisie parmi I'adénine, la thymine, la guanine et la
cytosine.

i 10. Un vecteur d’expression eucaryotique selon la revendication 1, dans lequel ladite séquence d’ADN
qui est capable de réprimer ['expression en présence du produit de géne a2 de I'alléle du locus de levure de
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type conjugaison MATa comprend une séquence double brin d’environ trente trois paires de bases
comportant des sous-séquences d’environ dix paires de bases aux extrémités opposées et dans les brins
complémentaires de la séquence, les sous-séquences étant, en substance, des séquences répétées
inverses les unes par rapport aux autres.

11. Un vecteur d’expression eucaryotique selon la revendication 1, dans lequel la séquence d’ADN qui
est capaple de réprimer l'expression en présence du produit de géne a2 de I'alléle du locus de levure de
type conjugaison MATa est choisie parmi une des séquences suivantes:

GTGTGTAATTACCCAAAAAGGAAATTTACATGT,
ot GCATGTAATTACCGTAAAAGGAAATTACATGG,

TCATGTACTTACCCAATTAGGAAATTTACATGG.

12. Un vecteur d'expression eucaryotique selon la revendication 1, dans lequel ladite séquence d’ADN
qui est capable de réprimer I'expression en présence du produit du géne a2 de l'alléle du locus de levure de
type conjugaison MATa comporte, en substance, la séquence de bases nucléotidiques suivante:

GCATGTAATTACCCAAAAAGGAAATTTACATGG.

13. Une séquence répresseur-opérateur contrdlable capable, lorsqu’elle est insérée dans la séquence
régulatrice de I'expression d'un vecteur d’'expression eucaryotique, de réprimer I'expression en présence
d'une combinaison des produits de génes a1l et a2 des alléles de levure de type conjugaison MATa et
MATa. T

14. Une séquence répresseur-opérateur contrdlabie selon la revendication 13 dans laquelle iadite
séquence comprend une séquence double brin d’environ vingt paires de bases comportant des sous-
séquences d’environ sept paires de bases aux extrémités opposées et dans les brins complémentaires de la
séquence, les sous-séquences étant, en substance, des séquences répétées inverses les unes des autres.

15. Une séquence répresseur-opérateur contrélable selon la revendication 13, dans laquelle ladite
séquence est choisie parmi une des séquences suivantes:

CAATGTAGAAAAGTACATCA,
GCTTGTTAATTTACACATCA,
TCATGTACTTTTCTGCATCA,
CCGCGTTAAAACCTACATCA,
TTATGTTAAAAGTTACATCC,
GCCTGCGATGAGATACATCA,
TAGAGTGAAAAAGCACATCG,
TCATGTATTCATTCACATCA,
ACATGTCTTCAACTGCATCA,
TCGTGTATTTACTTACATCA,
TCATGTTATTATTTACATCA,
TCATGTCCACATTAACATCA,

GCGTTTAGAACGCTTCATCA.

16. Une séquence répresseur-opérateur contrdlable selon la revendication 13, dans laquelle ladite
séquence comporte en substance la séquence de bases nucléotidiques suivante:

TC(A oy G)TGTNN(A ou T)NANNTACATCA

17 Une séquence répresseur-opérateur contrdlable capable, lorsqu’elle est insérée dans la séquence
régulatrice de I'expression d’un vecteur d’expression encaryotique, de réprimer I’'expression en présence
du produit de géne a2 du locus de levure de type conjugaison MATa.

18. Une séquence répresseur-opérateur controlable selon la revendication 17, dans laquelle ladite
séquence comprend une séquence double brin d’environ trente trois paires de bases comportant des sous-
séquences d'environ dix paires de bases aux extrémités opposées et dans les brins compiémentaires de la
séquence, les sous-séquences étant en substance des séquences répétées inverses les unes par rapport
aux autres.

19. Une séquence répresseur-opérateur controlable selon la revendication 17, dans laquelle ladite
séquence est choisie parmi une des séquences suivantes:

GTGTGTAATTACCCAAAAAGGAAATTTACATGT,
GCATGTAATTACCGTAAAAGGAAATTACATGG,

et
TCATGTACTTACCCAATTAGGAAATTTACATGG.
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20. Une séquence répresseur-opérateur contrélable selon la revendication 17, dans laquelle ladite
séquence posséde en substance la séquence de bases nucléotidiques suivante:

GCATGTAATTACCCAAAAAGGAAATTTACATGG.
Revendications pour I'Etat contractant: AT

1. Un procédé de production d'un vecteur d'expression eucaryotique comprenant une séquence
régulatrice de I'expression englobant un promoteur eucaryotique fonctionnel ne se trouvant normalement
pas sous contrdle de type conjugaison et un géne de structure hétérologue localisé de telle maniére par
rapport a la séquence régulatrice de i’expression que la séquence régulatrice de I'expression soit capable
de diriger l'expression du géne de structure hétéroiogue, la séquence régulatrice de I'expression
comprenant une séquence répresseur-opérateur contrdlable comportant une séquence d’ADN capable de
réprimer I'expression en présence soit du produit de géne a2 de l'alléle du locus de levure de type
conjugaison MATq, soit d'une combinaison des produits de génes a1 et a2 des alléles du locus de levure de
type conjugaison MATa et MATa, procédé qui comprend l|'étape d'insertion dans ladite séquence
régulatrice de I'expression d'une séquence répresseur-opérateur contrdlable comportant une séquence
d’ADN capable de repnmer I'expression en présence soit du produit de gene a2 de Ialléle du locus de
levure de type conjugaison MATaq, soit d’'une combinaison des produits de genes a1l et a2 des alléles
dulocus de levure de type conjugaison MATa et MATa.

2. Un procédé de production d’un organisme hote eucaryotique comprenant |'étape de transformation
dudit organisme hoéte eucaryotique a l'aide d'un vecteur d’expression produit selon le procédé de la
revendication 1.

3. Un procédé selon la revendication 2, dans lequel I'organisme héte est en outre transformé a l'aide
d'un second vecteur d’ expression eucaryotique capable de fournir une source contrblable d'une
combinaison des produits de génes a1 et a2 des alléles de levure de type conjugaison MATa et MATa ou du
produit de géne a2 de I'alléle de levure de type conjugaison MATa.

4. Un procédé selon la revendication 2 ou 3, dans laquel T orgamsme héte est une levure.

5. Un procédé de préparation d‘un polypeptide consistant & cultiver un organisme héte eucaryotique
transformé & I'aide d'un vecteur selon la revendication 1 en présence soit du produtt de géne a2 de l'aliéie
de levure de type conjugaison MATaq, soit d’'une combinaison des produits des génes a1 et a2 des alléles de
levure de type conjugaison MATa et MATa capable de réprimer I'expression du géne de structure
hétérologue codant pour le polypeptide jusqu’a établissement d'une densité de cellules prédéterminée et a
reduire subséquement ie taux du ou des produits de géne du ou des loci de levure de type conjugaison,
permettant ainsi I'expression du géne de structure hétérologue et la production du polypeptide.

6. Un procédé selon la revendication 1 dans lequel un site de restriction se prétant & l'insertion d'un
géne hétérologue existe a la place du géne de structure hétérologue.

7. Un procédé selon la revendication 1, dans lequel ladite séquence d’ADN qui est capable de réprimer
I'expression en présence d'une combinaison des produits de génes a1 et a2 des alléles du locus de levure
de type conjugaison MATa et MATa comprend une séquence double brin d’environ vingt paires de bases
comportant des sous-séquences d'environ sept paires de bases aux extrémités opposées et dans les brins
complémentaires de la séquence, les sous-séquences étant, en substance, des séquences répétées
inverses les unes par rapport aux autres.

8. Un procédé selon la revendication 1, dans lequel ladite séquence d’ADN qui est capable de réprimer
I'expression en présence d'une combinaison des produits des génes a1 et a2 des alléles du locus de levure
de type conjugaison MATa et MATa est choisie parmi une des séquences suivantes:

CAATGTAGAAAAGTACATCA,
GCTTGTTAATTTACACATCA,
TCATGTACTTTTCTGCATCA,
CCGCGTTAAAACCTACATCA,
TTATGTTAAAAGTTACATCC,
GCCTGCGATGAGATACATCA,
TAGAGTGAAAAAGCACATCG,
TCATGTATTCATTCACATCA,
ACATGTCTTCAACTGCATCA,
TCGTGTATTTACTTACATCA,
TCATGTTATTATTTACATCA,
TCATGTCCACATTAACATCA,

GCGTTTAGAACGCTTCATCA.
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9. Un procédé selon la revendication 1, dans lequel ladite séquence d’ADN qui est capable de réprimer
I'expression en présence d’une combinaison des produits de génes a1 et a2 des alléles du locus de levure
de type conjugaison MATa et MATa comporte, en substance, la séquence de bases nucléotidiques
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TC(A ou G)TGTNN(A ou T)NANNTACATCA

dans laquelle N désigne une base nucléotidique choisie parmi I'adénine, la thymine, la guanine et la
cytosine.

10. Un procédé seion la revendication 1, dans lequel ladite séquence d’ADN qui est capable de
réprimer I'expression en présence du produit de géne a2 de I'alléle du locus de levure de type conjugaison
MATa comprend une séquence double brin d’environ trente trois paires de bases comportant des sous-
séquences d'environ dix paires de bases aux extrémités opposées et dans les brins compiémentaires de la
séquence, les sous-séquences étant, en substance, des séquences répétées inverses les unes par rapport
aux autres.

11. Un procédé selon la revendication 1, dans lequel la séquence d’ADN qui est capable de réprimer
I'expression en présence du produit de géne a2 de I'alléle du locus de levure de type conjugaison MATa est
choisie parmi une des séquences suivantes:

GTGTGTAATTACCCAAAAAGGAAATTTACATGT,
GCATGTAATTACCGTAAAAGGAAATTACATGG,

et
TCATGTACTTACCCAATTAGGAAATTTACATGG.

12. Un procédé selon la revendication 1, dans lequel ladite séquence d’ADN qui est capable de
réprimer l'expression en présence du produit du géne a2 de I’alléle du locus de levure de type conjugalson
MATa comporte, en substance, la séquence de bases nucléotidiques suivante:

GCATGTAATTACCCAAAAAGGAAATTTACATGG.
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